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ABSTRACT 

The potential scientific advantages of placing the 
Galactix X-ray Experiment on the A h  Lunar Module instead of 
the instrument unit of the S-IVB gn the AAP-4 mission include: 

1) a thorough sky scan may be performed covering 
more than one half of the celestial sphere; 

increasing the sensitivity of detection of 
stellar sources; 

2 )  the total viewing time may be extended, thus 

3)  if two-degree-of-freedom pointing is available, 
the same source may be viewed many times during 
the 56 day mission; 

4 )  daytime observations are possible. 

Requirements imposed on the AAP-4 mission for Li\l/ATivl 
mounting are: 

1) 100 to 200 lbs additional weight will be required 
for extra gas supply, gimballing and motor drive; 

a deployment scheme which will provide protection 
for  detectors during launch must be supplied; 

a telemetry system similar to that now planned 
for the S-IVB will have to be transferred to 
the ATM. 

2 )  

3 )  

If one or two degree of freedom cannot be supplied, the LM/ATM 
mount is less advantageous than the instrument unit mount pre- 
sently planned. 
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MEMORANDUM FOR FILE 

I. PURPOSE OF STUDY 

This  s tudy  w a s  undertaken t o  de te rmine  t h e  s c i e n t i f i c  
advantages of  p l a c i n g  t h e  G a l a c t i c  X-ray Astronomy experiment ,  
c u r r e n t l y  planned f o r  t h e  ins t rument  u n i t  of t h e  S - I n ,  on t h e  
l u n a r  module. 
ment t o  o p e r a t e  f o r  56 days o r  l onge r  compared t o  only f o u r  
hours  on t h e  ins t rument  u n i t .  

This  would allow t h e  t o t a l l y  automated expe r i -  

11. THE EXPERINENT 

This  X-ray astronomy experiment  i s  an a r r a y  of gas  
f i l l e d  p r o p o r t i o n a l  coun te r s  w i t h  an angu la r  r e s o l u t i o n  of less 

2 (1) t han  one degree  of arc and a t o t a l  e f f e c t i v e  area of 1500  c m  . 
The windows of t h e  d e t e c t o r s  are made of aluminized mylar t h i n  
enough t o  permi t  t ransmiss ion  o f  X-rays wi th  e n e r g i e s  down t o  
0.2KeV. The gas  d i f f u s e s  through t h e  t h i n  windows of t h e  de t ec -  
t o r s ,  and p inho les  are  made t o  a s s u r e  a n e a r l y  c o n s t a n t  flow 
rate .  A cont inuous gas  supply keeps t h e  p r e s s u r e  a t  about  1/3 
atmosphere du r ing  t h e  experiment o p e r a t i o n .  A c o n s t a n t  gas  den- 
s i t y  is  r e q u i r e d  f o r  proper  ope ra t ion  of t h e  p r o p o r t i o n a l  count- 
ers. 
p r e s s u r e  changes are made as t h e  tempera ture  v a r i e s .  

T o  a s s u r e  t h i s ,  a d e n s i t y  s e n s o r  i s  provided and a p p r o p r i a t e  

The sky mapping w i l l  be performed by ma in ta in ing  t h e  
S-IVB long  a x i s  a l i g n e d  wi th  t h e  v e l o c i t y  v e c t o r .  A s  t h e  S-IVB 
o r b i t s  t h e  v e l o c i t y  v e c t o r  traces o u t  a g r e a t  c i rc le  OR t h e  
celestial  sphere .  
s i d e  of t h e  S-IVB on t h e  ATM shroud,  n e x t  t o  t h e  in s t rumen t  u n i t  
cold p l a t e .  I t  w i l l  p o i n t  normal t o  t h e  v e l o c i t y  v e c t o r ;  always 
looking  away f r o m  t h e  ear th .  The f i e l d  of view i s  such t h a t  i n  
t h r e e  o r b i t s  a r eg ion  of the sky ranging  f r o m  +30° t o  -3OO from 
t h e  o r b i t a l  p l ane  i s  scanned. This  scan  i s  performed by r o t a t i n g  
t h e  S-IVB 20° on each of t h e  t h r e e  o r b i t s .  
are n o t  p o s s i b l e  because a t  105  n m ,  t h e  a l t i t u d a  of t h e  S-IVB, 
t h e  X-rays genera ted  by t h e  so la r  r a d i a t i o n  i n  t h e  r e s i d u a l  atmo- 

The experiment i s  mounted looking  o u t  t h e  

Daytime measurements 

s p h e r e  i n h i b i t  t h e  s e n s i t i v i t y  t o  s t e l l a r  X-ray sources .  (2) 
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The d e t e c t o r s ,  gas supp ly ,  and e l e c t r o n i c s  are cur -  
r e n t l y  e s t i m a t e d  t o  weigh 257 l b s .  Power r e q u i r e d  w i l l  be 
85 w a t t s  and volume occupied w i l l  be about  8 cu. f t .  ( 3 )  

This  experiment i s  s c i e n t i f i c a l l y  i n t e r e s t i n g  because 
ve ry  few sea rches  have been made f o r  X-ray sources  i n  t h i s  l o w  
energy reg ion .  S ince  t h e  number of photons gene ra t ed  f o r  m o s t  
sou rces  appears  t o  i n c r e a s e  w i t h  dec reas ing  energy,  it i s  pos- 
s ib le  t h a t  new sources  w i l l  be found w i t h  t h i s  su rvey ,  which 
may be unde tec t ab le  a t  h igher  e n e r g i e s .  

111. PLACEMENT Oi\J LM 

A. F i e l d  of V i e w  

The l u n a r  module, a long  w i t h  t h e  e n t i r e  ATM workshop, 
is  s o l a r  o r i e n t e d .  Thus, i f  t h e  experiment i s  mounted t o  t h e  
LM s o m e  p rov i s ion  must be made fo r  p o i n t i n g  i n  o r d e r  t o  perform 
a sky survey.  

At l e a s t  one degree of f r e e d o m  i s  necessary .  The 
experiment  could be mounted on t h e  t o p  of t h e  l u n a r  module a s  
shown i n  F igu re  1. Poin t ing  should  be a t  l e a s t  +60° from t h e  
normal t o  t h e  o r b i t a l  p l ane  i n  t h e  p l a n e  normal t o  t h e  AT14 
look d i r e c t i o n .  
s i o n  of the  35O i n c l i n a t i o n  o r b i t  w i l l  a l low t h e  p o r t i o n  of 
t h e  sky i n d i c a t e d  i n  F igu re  2 t o  be mapped from an a l t i t u d e  
of 210 nm. Y e t  some v iewing  t i m e  n e a r  noon and midnight  may 
be l o s t  because t h e  experiment would be cons t r a ined  t o  look 
n e a r  t h e  ea r th ' s  atmosphere. Daytime measurements would be 
p o s s i b l e  wi th  t h e  planned ATM o r b i t .  More than  half  of t h e  
celest ia l  sphere  may be mapped i n  56 days i f  cont inuous mea- 
surements are made, and i f  t h e  d e t e c t o r  can look anywhere 
w i t h i n  + 6 0 °  from the normal t o  t h e  o r b i t a l  p lane .  

This  m o t i o n  combined w i t h  t n e  6zj0/day preces-  

Mucn more of t h e  c e l e s t i a l  sphere  would be a c c e s s i b l e  

N o  l a r g e r  p o r t i o n  of  t h e  celest ia l  sphe re  would be 
a t  any one t i m e  w i th  two degrees  of freedom. This  i s  shown i n  
F igu re  3 .  
v i s i b l e  over t h e  e n t i r e  iilission; however, p a r t i a i l a r  sour'css 
could  b e  viewed r epea ted ly  o r  cont inuous ly  f o r  many days t o  
check f o r  any v a r i a b i l i t y  i n  i n t e n s i t y .  

B. G a s  Supply and T h e r m a l  C o n s t r a i n t s  
& 

Because a continuous gas  flow i s  needed, a d d i t i o n a l  
g a s  w i l l  have t o  be c a r r i e d .  

n o t  more than  one cub ic  f o o t  of gas  a t  1 8 0 0  p s i .  ( 2 )  

The 56 day mission would r e q u i r e  
This  i s  
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about f o u r  t i m e s  t h a t  p r e s e n t l y  r e q u i r e d  f o r  t h e  f o u r  hour  
miss ion ,  and would add approximately 1 0 0  l b s  t o  t h e  weight  
estimate. 

N o  thermal  requirements  are s p e c i f i e d  f o r  t h e  detec- 
t o r s ,  excep t  t h a t  t h e  s t a r  s e n s o r s  must n o t  exceed 15OOC. ( 4 )  
The d e t e c t o r s  are mounted w i t h  l i t t l e  thermal  connec t ion  t o  
the ins t rument  u n i t  co ld  p l a t e ,  b u t  t h e  power supply  and t a p e  
r e c o r d e r  are he ld  t o  temperatures  between 5O0F and 122OF by 
mounting them on t h e  cold p l a t e .  T e s t s  should  be performed 
t o  f i n d  t h e  upper temperature  l i m i t  of the t h i n  windows of t h e  
d e t e c t o r s .  I t  i s  p o s s i b l e  t h a t  t h i s  tempera ture  w i l l  be 
exceeded i f  t h e  detector housing i s  f u l l y  exposed t o  s u n l i g h t  
when mounted on t n e  LM. 

C. Gimballing and T'elemetry 

The p r e s e n t  we igh t  o f  t h e  d e t e c t o r  a r r a y  i s  115 lbs. 
The g imbal l ing  and a d d i t i o n a l  suppor t  f o r  one o r  t w o  degree  of  
freedom motion may double t h i s  weight  ( e x c l u s i v e  of t h e  addi-  
t i o n a l  gas  r equ i r emen t ) .  
be ing  made f o r  t h i s  experiment on t h e  S-IVB.  Such p r o v i s i o n s  
would have t o  be t r a n s f e r r e d  t o  t h e  ATM f o r  r eco rd ing  and 
t e l e m e t e r i n g  d a t a .  The s i m p l e s t  procedure would be t o  o p e r a t e  
i n  a pre-programmed po in t ing  mode. I f  p o i n t i n g  a t  i n t e r e s t i n g  
sources  i s  d e s i r e d ,  manual c o n t r o l  by a s t r o n a u t s  would be pre-  
f e r r e d  al though t h i s  i s  n o t  e s s e n t i a l  f o r  t h e  success  of t h e  
mission.  

Telemetry p r o v i s i o n s  are c u r r e n t l y  

D. Mounting 

A gimbal led po in t ing  system would r e q u i r e  t h a t  t h i s  
experiment p ro t rude  a t  l eas t  2-3 f e e t  from the s i d e  of the LM. 
I n  a d d i t i o n ,  t h e  detectors must be p r o t e c t e d  from h e a t i n g  dur- 
i n g  launch. 
ment dev ice  o r  EVA will be r equ i r ed  t o  s i t u a t e  t h i s  experiment  
on t h e  LM when i n  o r b i t .  

Thus it appears  l i k e l y  t h a t  some automat ic  deploy- 

The placement of t h e  G a l a c t i c  X-ray Mapping Experi-  
ment on t h e  l u n a r  module i s  h i g h l y  d e s i r a b l e  i f  one or  t w o  
degree of freedom p o i n t i n g  is provided. 
experiment on t h e  l u n a r  module i n  a f i x e d  p o s i t i o n  i s  d e f i -  
n i t e l y  less d e s i r a b l e  than  t h e  p r e s e n t l y  planned in s t rumen t  
u n i t  mounting. 

Placement of  t h e  
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Leaving the experiment on the instrument unit would 
probably provide data somewhat in excess of that available from 
rockets prior to 1972. However, if the lifetime of the stabi- 
lized flight portion of the S-IVB instrument unit becomes 
shorter than the presently planned three orbits, it is possible 
that the experiment mounted in a recoverable rocket could pro- 
vide similar data prior to the AAP-4 launch. 

1015-FFT-caw 
y ')'16.3FL21 
F. F. lTomblin 
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